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experience  at  higher  altitude  than  predicted  by  currently  used  statistical  models. 
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EXECUTIVE  SUMMARY 


Existing  European  data  sources  on  acceleration  experience  in  commercial 
aircraft  were  acquired  and  combined  into  one  data  base.  The  acceleration 
peak/valley  data  were  reduced  to  discrete  gust  velocities  and  related  gust 
velocities.  The  data  were  further  analysed  to  yield  gust  intensity 
parameters.  The  present  report  gives  an  overview  of  the  different  data 
sources  and  the  format  in  which  they  were  made  available.  The  data  reduction 
procedures  are  described  and  the  results  are  presented  both  in  tabular  and 
graphical  format.  The  resulting  gust  statistics  are  compared  with  existing 
micdels . 
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INTRODUCTION. 


The  Federal  Aviation  Administration  (FAA)  and  the  Netherlands  Civil  Aviation 
Department  (RLD)  have  signed  a  Memorandum  of  agreement  (MOA)  in  the  area  of 
aircraft  structural  integrity  with  specific  reference  to  aging  aircraft.  As  part 
of  this  MOA,  the  National  Aerospace  Laboratory  (NLR)  was  contracted  to 
participate  in  the  Flight  Loads  Program  that  has  been  defined  and  is  carried  out 
by  the  FAA.  The  main  task  of  NLR  in  this  program  was  defined  as  follows: 

Identification  and  acquisition  of  existing  European  Flight  Load  Data 
Sources . 

Definition  of  a  unified  procedure  to  reduce  acquired  acceleration  data 
toward  gust  statistics. 

Reduction  of  the  acquired  data  and  reporting  of  the  results. 

Three  following  data  bases  containing  information  about  center  of  gravity  (c.g.) 
vertical  acceleration  experience  of  commercial  transport  aircraft  were 
identified  and  acquired  for  analysis: 

A  very  large  data  base  containing  data  on  c.g.  acceleration  peaks  and 
valleys  with  An^  =>0.5  pertaining  to  838,657  flights  made  by  different 
aircraft  operated  by  British  Airways.  This  data  base  was  kept  at  Office 
National  d' etudes  et  de  recherches  aerospatiales  (ONERA)  and  was  acquired 
from  that  institute  for  the  present  investigation.  This  data  base  will  be 
further  indicated  as  ONERA  data  base. 

A  data  base  kept  at  NLR  containing  detailed  information  about  the  aircraft 
flight  profiles  and  acceleration  peaks  |Anj|=>0.18,  referring  to  24,358 
flights  made  by  Boeing  B-747  aircraft  operated  by  KLM,  SAS  and  Swissair.  The 
data  were  extracted  from  the  Aircraft  Condition  Monitoring  System  (ACMS) 
data,  and  this  data  source  will  be  further  indicated  as  ACMS  data  base. 

A  data  base  collected  by  several  years  ago  by  the  Royal  Aircraft 
Establishment  (RAE),  containing  Fatiguemeter  data  in  a  wide  variety  of 
mainly  piston-engined  aircraft.  This  data  base  which  includes  10,697  flights 
will  be  further  indicated  as  Fatiguemeter  data  base. 
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In  reference  1,  a  unified  procedure  to  reduce  these  c.g.  acceleration  data 
towards  gust  statistics  was  defined.  This  procedure  includes  two  methods:  (a) 
reduction  using  a  "discrete  gust  approach"  and  (b)  reduction  on  the  basis  of  a 
"continuous"  or  PSD-gust  approach.  The  discrete  approach  makes  use  of  the  well- 
known  "Pratt  formula"  to  reduce  An^  values  to  "derived  gust  velocities"  U^e-  It 
may  be  recalled  that  the  Pratt  formula  is  based  on  the  assumption  of  a  discrete 
gust  with  (1-cos)  shape  and  a  length  of  25  wing  chords  and  an  aircraft  that  is 
infinitely  stiff  and  responding  only  in  plunge  (no  pitch) .  The  "PSD"  approach 
reduces  recorded  An.  peaks/valleys  to  values.  The  method  is  based  on  a 
continuous-gust  concept  and  a  simplified  expression  for  the  aircraft  response 
including  both  pitch  and  plunge  as  proposed  by  Dr.  Houbolt  (see  reference  2). 
Also,  the  so-called  N(0)  effect  is  taken  into  account. 

The  present  report  starts  with  an  overview  and  description  of  the  three 
different  data  bases.  Chapter  3  describes  the  reduction  of  the  data  and  presents 
the  results  obtained  for  the  three  different  data  sets.  In  chapter  4,  the  three 
sets  are  compared  and  where  applicable  the  data  are  merged  to  obtain  one  overall 
statistical  base  for  and  respectively.  Also,  from  the  Uo-exceedance  curves 
obtained  for  the  various  altitude  bands  "best  fit"  P],P2  and  bi,b2  values 
pertaining  to  the  well-known  PSD-turbulence  intensity  model  are  derived. 
Chapter  5  is  devoted  to  an  overall  discussion  of  the  results  obtained  and  a 
comparison  with  existing  gust  statistics.  The  report  ends  with  conclusions  and 
recommendations . 


2.  REVIEW  OF  DATA  BASES. 


2 . 1  ONERA  DATA  BASE . 


This  data  base  contains  information  about  all  c.g.  acceleration  peaks/valleys 
larger  than  |AnJ=0.5  that  occurred  in  a  batch  of  838,  657  flights.  These  data 
were  gathe’-ed  by  British  Airways  over  a  period  of  10  years  during  normal 
operation  of  a  variety  of  aircraft  types  and  with  the  collaboration  of  the 
British  Civil  Aviation  Authority  (CAA) ,  made  available  to  the  ONERA  for 
statistical  analysis.  Table  1  provides  a  general  overview  of  the  flights 
contained  in  the  data  base.  This  data  base  was  provided  by  ONERA  to  the  NLR  for 
the  present  study  on  magnetic  tape  in  a  format  as  shown  in  table  2.  Each  line  in 
this  table,  to  be  called  "Record”,  refers  to  one  specific  peak  or  valley  in  the 
data  base.  In  the  context  of  the  present  study,  it  is  useful  to  note  that  for 
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each  peak/valley,  apart  from  the  An^  value,  the  aircraft  mass,  speed,  altitude 
and  C,  -value,  at  the  instant  of  the  peak  occurrence,  are  provided.  The  peaks  and 

Cl 

valleys  included  in  the  data  base  were  recognized  using  the  so-called  peak- 
between-means  criterion,  which  states  that  between  two  crossings  of  the  (n,=l)- 
level  only  one  peak  or  one  valley  can  be  classified. 

Table  2  includes  a  column  "idur",  described  as  "duration  of  acceleration  peak". 
This  duration  is  actually  the  duration  of  the  turbulence  patch  in  which  the 
particular  peak/valley  occurred  (i.e.,  duration  of  the  period  in  which 

accelerations  in  excess  of  |An^|=0.4  were  observed).  As  shown  in  table  2,  these 
patches  may  last  from  a  few  seconds  to  several  minutes.  If  more  than  one 
peak/valley  were  classified  during  one  patch,  the  data  base  presented  the 
additional  aircraft  data  for  the  first  peak  only.  The  same  additional  aircraft 
values  apply  to  the  following  peaks  in  the  turbulence  patch  and  are  defined  as 
zero  in  the  data  base  (table  2). 

The  data  received  from  ONERA  were  first  subjected  to  a  quality  check,  with 

specific  reference  to  the  presence  of  highly  improbable  data  or  missing  data. 
From  the  total  number  of  10,648  records  pertaining  to  peaks/valleys  larger  than 
|An2l>0.5,  sixty-six  had  to  be  rejected.  For  forty-nine  of  these,  data  for  either 
mass  m,  speed  V,  altitude  h,  or  were  missing  and  for  the  remaining 

o 

seventeen,  either  unrealistically  high  or  low  values  for  C,,  or  V  were  recorded. 

O 

Table  3  presents  a  complete  overview  of  all  acceleration  peaks/valleys  in  the 

data  base  as  a  function  of  altitude  range.'’  The  load  factor  exceedance  curve 

per  flight  is  presented  in  figure  1. 

During  the  last  two  years  of  data  accumulation  for  the  Boeing  B-747,  positive 
load  factor  peaks  between  An2=0.3  and  0.5  were  also  accumulated.  Because  these 
•  additional  data  were  available  for  a  limited  number  of  flights  and  only  for 

positive  peaks,  they  were  unsuitable  for  the  data  analysis  performed  in  the 

»  present  study  and  hence  deleted  from  the  data  base.  For  completeness,  the 

acceleration  data  including  the  above  mentioned  peaks  between  An2=0 . 3  and  An. =  0.5 
referring  two  years  of  B-747  measurements  are  provided  in  table  4.  The 

associated  load  factor  exceedance  curve  is  depicted  in  figure  2. 


’  The  altitude  bands  defined  for  the  present  study  are  given  in  appendix  A 
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2.2  THE  ACMS  DATA  BASE. 


During  a  period  of  about  ten  years,  service  load  data  had  been  retrieved  from 
ACMS  recordings  made  in  Boeing  B-747  aircraft  operated  by  the  KSSU  group  (KLM, 
Swissair  and  SAS )  .  These  data  were  stored  at  NLR  in  the  so-called  ACMS  Fatigue 
data  base.  A  full  description  of  this  data  base  and  the  procedures  followed  for 
its  creation  have  been  presented  in  reference  4.  The  following  is  a  brief 
description  of  the  ACMS  data  base  structure. 

The  ACMS  data  base  contains  data  that  are  relevant  with  regard  to  aircraft  usage 
and  aircraft  load  experience.  The  data  are  stored  on  a  flight-by- flight  basis 
and  include. 

General  flight  data:  Date,  departure  and  arrival  airport,  type  of  flight, 
take  off  weight  are  kept. 

Mission  profile  data:  Each  flight  is  divided  into  a  number  of  successive 
flight  segments.  For  each  flight  segment  the  following  data  are  kept:  Time, 
speed,  altitude,  Mach  number,  and  aircraft  weight  at  the  beginning  of  the 
segment . 

Acceleration  peak  data:  The  c.g.  acceleration  trace  included  in  the  original 
ACMS  data  has  been  searched  for  peaks  and  valleys;  whereby  a  range-filter  of 
dn=0.18  was  maintained  (recognized  successive  peaks  and  valleys  differ  at 
least  0.18g).  The  values  of  the  successive  peaks  and  valleys  are  stored  in 
the  data  base,  together  with  the  following  information: 

•  Time  at  occurrence  of  peak/valley. 

•  Flap  position. 

•  Bank  angle  (for  a  limited  number  of  recorded  flights  only) . 

In  the  context  of  the  present  study,  it  is  interesting  to  note  that  from  the 
data  stored,  the  weight,  speed,  and  altitude  at  the  instant  of  a  peak/valley 
occurrence  can  be  determined  by  interpolation  from  the  mission  profile  data. 
Also,  it  IS  useful  to  note  that  the  mission  profile  data  contained  sufficient 
information  to  calculate  total  time  and  distance  flown  within  different  altitude 
bands . 
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Table  5  provides  an  overview  of  the  flights  contained  in  the  ACMS  data  base, 
including  a  distribution  of  flight  durations.  Note  that  the  ACMS  data  base 
includes  24,358  flights  and  a  total  number  of  121,894  flight  hours  (airborne 
time) . 

Table  6  presents  a  distribution  of  time  spent  and  distance  flown  within  the 
different  altitude  bands  .  For  the  present  study,  the  acceleration  peaks/valleys 
contained  in  the  original  ACMS  data  base  were  first  "filtered"  according  to  the 
"peak-between-means"  criterion.  The  resulting  data  base  appeared  to  contain  a 
number  of  improbably  high  positive  acceleration  peaks,  sometimes  with  a  value  An, 
well  above  An2=1.00.  These  high  peaks  were  further  analyzed;  whereby  the  required 
Cl  to  obtain  the  recorded  An^-value  was  determined  and  the  peak/valleys  occurring 
at  about  the  same  time  in  that  flight  were  reviewed.  Acceleration  peaks  above 
|Anj|=l.l  occurring  in  isolation  (evidently  not  within  a  batch  of  heavy 
turbulence)  sometimes  requiring  C^-values  well  above  C^  /  were  either  considered 

max 

as  "spikes"  or  as  isolated  manoeuvres  and  deleted.  Consequently  twenty 
acceleration  peaks  were  removed  from  the  data  base. 

Table  7  gives  an  overview  of  the  remaining  peaks/valleys  as  a  function  of 
altitude  band.  The  c.g.  acceleration  peak/valley  exceedance  curve  per  flight  is 
presented  in  figure  3. 

2.3  FATIGUEMETER  DATA  BASE. 

During  the  fifties  and  early  sixties,  the  United  Kingdom  collected  a 
considerable  amount  of  counting  accelerometer  data  from  a  large  number  of 
different  aircraft  types.  The  data  consisted  of  acceleration  counter  readings 
with  speed  and  altitude,  read  out  every  ten  minutes  during  flight.  The  Royal 
Aircraft  Establishment  (RAE)  operated  and  maintained  this  specific  data  base. 
This  data  base  was  put  on  magnetic  tape  and  was  made  available  to  all  nations 
participating  in  a  Working  Group  on  Environmental  Statistical  Data  of  the 
Advisory  Group  for  Aerospace  Research  and  Development  (AGARD)  Structures  and 
Materials  Panel.  Reference  5  presents  an  overview  and  analysis  of  these  data. 
Unfortunately,  the  original  data  base  was  no  longer  available  at  RAE,  but  the 
magnetic  tapes  with  the  data  that  had  been  acquired  by  the  Netherlands  as  a 
participant  of  the  AGARD  working  group  was  available  at  NLR  and  the  data  was 
still  reasonably  readable.  The  data  presented  and  analyzed  in  the  present  study 
have  been  obtained  from  these  tapes. 
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Table  8  provides  a  general  overview  of  the  aircraft  types  involved  and  the 
number  of  flight  hours  and  distances  covered.  Compared  to  the  ONERA  and  ACMS 
bases,  the  Fatiguemeter  data  base  is  obviously  relatively  small.  However,  many 
of  the  data  refer  to  piston-engined  aircraft,  some  of  them  cruising  at 
relatively  very  low  altitude.  The  dearth  of  low  altitude  turbulence  data  was 
considered  sufficient  reason  to  include  these  data  in  the  present  study. 

The  format  in  which  the  data  were  grouped  and  presented  on  the  magnetic  tape  are 
as  follows: 

Data  were  presented  separately  for  each  aircraft  type  included. 

Data  per  aircraft  started  with  a  header  file  providing  the  aircraft  type, 
the  total  flight  time,  distance  flown,  and  data  collection  period. 

A  number  of  "classes"  pertaining  to  the  specific  aircraft  were  defined  for 
the  following  variables: 

•  Airspeed,  altitude,  weight,  and  flight  condition. 

•  Acceleration. 

Table  9  gives  as  an  example  the  header  and  class  definition  for  the  Boeing 
B-707. 

The  acceleration  data  were  grouped  in  separate  "records",  each  record 
referring  to  one  combination  of  weight,  altitude,  and  speed.  Information  in 
each  record  includes: 

•  Time  spent  and  distance  covered. 

•  Number  of  acceleration  level  crossings  within  each  defined  acceleration 
class . 

Reference  1  describes  the  operation  of  the  "Fatiguemeters"  that  were  used  to 
obtain  the  counting  accelerometer  data.  In  addition,  the  method  used  in  the 
present  study  to  "translate"  the  acceleration  level  crossings  into  acceleration 
peaks  and  valleys  is  described  in  reference  1.  Table  10  summarizes  the 
conversion  from  level  crossings  to  peaks/valleys.  The  Fatiguemeter  data  were 
grouped  in  altitude  bands  that  differed  from  aircraft  to  aircraft  and  did  not 
correspond  with  the  altitude  bands  maintained  in  this  study.  Conversion  of  the 
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Fatiguemeter  data  to  the  present  altitude  band  was  carried  out  by  linear 
interpolation.  Table  11  gives  an  overview  of  all  peaks/valleys  pertaining  to  the 
Fatiguemeter  data  base.  The  Fatiguemeter  data  base  did  not  contain  information 
about  the  number  of  flights.  However,  using  the  route  lengths  for  the  various 
aircraft  types  given  in  reference  5,  table  CTl,  and  the  distances  flown  in 
tables  CT2  up  to  CT29,  average  numbers  of  flights  were  estimated.  The  resulting 
peak/valley  exceedance  curve  per  flight  is  presented  in  figure  4. 

Acceleration  data  are  presented  per  "record";  thus,  each  record  refers  to  one 
specific  aircraft  type  and  one  mass/altitude/speed  bracket.  The  accelerations 
can  then  be  reduced  to  "gust  velocities"  using  the  average  mass,  altitude,  and 
speed  pertaining  to  the  particular  bracket.  However,  looking  at  table  9,  which 
is  typical  for  all  aircraft  included  in  the  Fatiguemeter  data  base,  the  brackets 
for  mass,  speed,  and  altitude  are  fairly  wide;  consequently,  the  accuracy  of 
derived  gust  velocities  is  limited  and  considerably  less  that  either  the  ONERA 
or  ACMS  data  bases. 


2.4  DATA  BASE  COMPATIBILITY. 


The  three  data  bases  described  in  the  previous  sections  were  obtained  using 
different  techniques,  over  different  periods,  and  largely  from  very  different 
aircraft.  In  order  to  combine  the  gust  statistics  derived  from  these  data  bases 
into  one  gust  data  base,  it  was  felt  useful  to  perform  an  elementary  check  on 
the  overall  compatibility  of  the  acceleration  data.  It  is  generally  accepted 
that  load  factor  spectra  per  flight  for  transport  aircraft  tend  to  show 
considerable  resemblance,  independent  of  flight  duration  and  aircraft  type  (see 
reference  6)  .  Figure  5  shows  load  spectra  per  flight  pertaining  to  the  three 
different  data  bases.  The  spectra  for  the  ACMS  data  and  the  ONERA  data  show  a 
remarkably  good  agreement,  but  the  spectrum  derived  from  the  Fatiguemeter  data 
is  about  an  order  of  magnitude  more  severe.  The  ONERA  base  includes  different 
aircraft  types;  whereas  the  ACMS  base  includes  only  B-747  aircraft.  If  one 
compares  the  ACMS  spectrum  with  the  ONERA  spectrum  for  to  B-747s  only,  the 
agreement  is  even  slightly  better,  see  figure  6.  From  figure  6,  the  load  factor 
spectrum  per  flight  for  the  B-747  is  approximately  the  same  as  the  average  load 
spectrum  per  flight  for  all  aircraft  included  in  the  ONERA  data  base.  With 
regard  to  the  Fatiguemeter  data,  one  must  consider  that  these  data  were  obtained 
in  a  much  earlier  period  when  weather  predictions  were  less  accurate,  resulting 
in  more  frequent  turbulence  encounters  and  consequently  more  severe  load 
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spectra.  More  important,  however,  is  that  the  Fatiguemeters  were  largely 
installed  on  piston-engined  aircraft  which  cruise  at  lower  altitude  where  more 
turbulence  is  encountered.  Table  12  shows  the  distribution  of  flight  distances 
over  the  different  altitude  bands  for  the  three  data  sets,  indicating  that  more 
chan  fifty  percent  of  the  Fatiguemeter  data  were  collected  at  altitudes  between 
4,500  and  19,500  ft  compared  to  approximately  ten  percent  and  four  percent  for 
the  other  two  data  sets.  Table  13  gives  the  exceedance  frequencies  per  flight 
for  An  =0.3  and  An. =0.6  for  the  different  aircraft  of  the  Fatiguemeter  data  base 
as  well  as  for  ONERA  and  ACMS  data  as  a  whole.  The  batches  per  aircraft  type  in 
the  Fatiguemeter  data  base  are  pretty  small,  so  one  must  be  careful  in  drawing 
conclusions  from  such  limited  information.  Note,  however,  that  the  figures  for 
the  Boeing  B-707,  which  is  the  only  aircraft  comparable  with  types  included  in 
the  ONERA  and  ACMS  base  with  regard  to  wing  load  and  cruising  altitude  are 
comparable  with  ONERA  and  ACMS  values.  The  high  load  factor  experience  of  the 
Comet  1  as  indicated  in  table  13  is  perhaps  somewhat  surprising  but  it  must  be 
realized  that  the  Comet  1,  although  a  "pure  jet",  had  a  relatively  low  wing 
loading  (see  table  14)  with  associated  relatively  high  gust  sensitivity. 
Finally,  note  that  the  Bristol  Freighter  is  a  major  contributor  to  the  overall 
exceedance  figures  of  the  Fatiguemeter  data  base.  The  high  load  factor 
experience  of  this  low  wing  load  transport  aircraft  with  very  short  "hops",  e.g. 
over  the  English  Channel,  is  not  surprising.  In  summary,  one  may  conclude  that 
the  ACMS  data  and  ONERA  data  appear  very  compatible.  The  Fatiguemeter  data 
obviously  pertain  to  a  different  era  and  a  different  generation  of  aircraft.  The 
comparisons  made  above,  however,  give  no  reason  to  doubt  the  validity  of  these 
Fatiguemeter  data. 

3.  REDUCTION  OF  ACCELERATION  DATA. 


As  explained  in  the  previous  chapter,  the  three  data  bases  consist  essentially 
of  a  collection  of  acceleration  peaks  and  valleys.  Apart  from  the  type  of 
aircraft,  for  each  acceleration  peak  or  valley,  the  speed;  altitude;  and 
aircraft  mass  at  the  instant  of  acceleration  peak  occurrence  are  available  (can 
be  derived  from  available  data)  with  a  degree  of  accuracy  that  depends  on  the 
data  base  and  is  smallest  for  the  Fatiguemeter  data.  The  procedures  to  reduce 
these  acceleration  peak  data  to  derived  gust  velocities  and  have  been 
established  in  full  detail  in  reference  1.  The  essential  elements  of  the 
reduction  procedure  may  be  summarized  as  follows: 
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Reduction  on  the  basis  of  a  "discrete"  gust  concept.  U^e  is  calculated  with 
the  well  known  Pratt  formula.  This  implies  that  a  [  1-cos] -shaped  gust  with 
25  chords  length  and  an  aircraft  response  in  heave  only  is  assumed.  Each 
An,-peak/valley  results  in  one  discrete  gust  with  speed  U^e. 

Uoi  Reduction  on  the  basis  of  a  "continuous"  gust  concept.  U,,  is  calculated 
using  a  simplified  formula  derived  by  John  Houbolt  and  presented  in 
reference  2.  The  formula  is  based  on  a  PSD  gust  model  with  "von  Karman" 
spectrum,  and  aircraft  response  in  pitch  and  heave.  Variation  of  N(0)  as  a 
function  of  aircraft  response  properties  is  accounted  for  by  reducing  each 
acceleration  peak  to  N(0)ref/N(0)  "gusts".  Again,  for  N(0)  an  exp-  "sion  is 
used  which  was  derived  by  John  Houbolt. 

The  equations  used  in  the  reduction  procedure  are  summarized  in  appendix  A. 

Grouping  the  derived  gust  velocities  according  to  altitude  results  in  overall 
gust  exceedance  data  for  each  altitude  band  in  each  data  base.  In  order  to 
reduce  these  overall  exceedance  data  to  exceedance  figures  "per  unit  distan. 
these  figures  must  be  divided  by  the  total  distance  flown  in  each  altitude  band 
for  all  flights  contained  in  the  specific  data  base.  In  the  following  sub¬ 
chapters,  the  reduction  performed  for  each  of  the  three  different  bases  will  be 
reviewed,  specific  problems  encountered  are  discussed,  and  the  results  obtained 
will  be  presented. 

3.1  ONERA  DATA  BASE. 

Table  14  presents  the  geometric  data  for  the  aircraft  models  included  in  the 
ONERA  data  base.  This  data,  together  with  the  data  in  each  peak/valley  record  on 
instantaneous  mass,  altitude,  speed,  and  sufficient  to  allow  reduction  of 

o 

each  acceleration  peak/valley  to  gust  velocities  and  U^.  The  resulting 

"overall"  gust  exceedance  data  are  presented  in  the  tables  15  and  16.  The  ONERA 
data  base  does  not  include  direct  information  about  the  distances  flown  within 
the  various  altitude  bands  but  only  presents  total  number  of  flight  hours  and 
total  "block"  time  per  aircraft  type.  Reference  7  contains  information  provided 
by  British  Airways  about  the  average  time  per  flight  spent  in  taxi,  takeoff,  and 
roll  out.  Using  this  information,  average  airborne  flight  durations  for  each 
aircraft  were  estimated,  see  table  17.  From  the  peak/valley  data  records, 
average  speeds  for  each  aircraft  type  within  each  altitude  band  were  calculated. 
Using  this  data,  estimating  climb  and  descent  speeds  and  using  the  limited 
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mission  profile  information  from  reference  1,  mean  flight  profiles  were 
estimated.  The  result  is  presented  in  table  18.  Using  data  from  this  table  along 
with  the  total  number  of  flights  per  aircraft  type,  the  total  distance  flown  in 
each  altitude  band  can  be  esitmated.  The  result  is  presented  in  table  12.  Using 
these  figures,  the  "overall"  exceedance  data  can  be  converted  to  "exceedances 
per  Kilometer"  for  each  altitude  band.  U^^  values  for  four  altitude  bands  are 
presented  in  figure  7.  The  "lower  boundary"  |Anj|=0.5  corresponds  with  different 
U^,,  values,  depending  on  aircraft  weight,  speed,  etc.,  but  below  values  of 
approximately  U^„  =7  m/s  the  curves  drop  off,  indicating  that  below  that  U^^ 
value  the  curves  have  no  statistical  significance.  Note  that  for  all  altitudes, 
except  for  the  very  low  altitude  bands,  the  curves  are  remarkably  symmetrical, 
indicating  that  the  original  An^  data  contained  little  contributions  due  from 
manoeuvres.  As  expected,  the  frequency  of  exceedance  of  the  same  gust  velocity 
decreases  with  increasing  altitude.  This  is  also  illustrated  in  figure  8,  where 
the  exceedance  frequency  of  specific  gust  velocities  as  a  function  of  altitude 
are  presented.  At  very  low  altitude  the  exceedance  frequency  drops  off  again. 
However,  as  will  be  discussed  in  the  next  chapter,  the  ONERA  data  in  the 
altitude  range  below  4,  500  feet  appears  improbably  light  cortpared  to  the  other 
two  data  sources.  The  u^  data  show  the  same  trend  and  is  not  presented  here.  The 
lower  boundary  for  valid  Ug  data  is  in  the  order  of  |Uol=ll  m/s  for  lower 
altitudes  and  8  m/s  for  high  altitudes. 


3.2  ACMS  DATA  BASE. 


For  each  acceleration  peak/valley  and  instantaneous  mass,  speed  and  altitude  are 
contained  in  the  data  base.  Geometric  data  of  the  B-747  aircraft  involved  are 
presented  in  table  14.  The  C;, -values  have  been  calculated  using  the  equations 

a 

presented  in  reference  8  and  reproduced  in  appendix  B.  The  "overall"  exceedance 
data  per  altitude  band  for  Ug,  and  Ug  are  included  in  the  tables  19  and  20 
respectively.  The  ACMS  data  base  includes  complete  information  about  the 
distances  flown  in  each  altitude  band,  see  table  6.  Hence,  "overall"  exceedance 
data  can  be  directly  converted  to  "exceedings  per  kilometer".  Results  for  Ugg  for 
the  four  different  altitude  bands  are  presented  in  figure  9.  Note  that  because 
of  the  much  lower  "boundary  value"  lAn^  1=0.18  compared  to  the  ONERA  data,  the 
lower  bound  for  significant  Ug,  values  is  considerably  lower,  i.e.,  3  m/s  for  Ug. 
and  5m/ s  for  Ug.  On  the  other  hand,  due  to  the  much  smaller  batch  size  the  upper 
boundary  for  significant  Ug,  data  is  about  10  m/s. 
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3.3  FATIGUEMETER  DATA  BASE. 


As  explained  in  chapter  2,  the  acceleration  peaks/valleys  are  available  per 
mass/speed/altitude  bracket  for  each  aircraft.  The  geometric  data  of  the 
different  aircraft  are  given  in  table  14.  values  for  the  aircraft  in  the 

o 

Fatiguemeter  data  base  were  not  available  and  have  been  approximated  according 
to : 


C,  =  1.15  *  6A/  (A  +  2)  , 

o 

where  A  is  the  aspect  ratio.  The  derived  "overall"  exceedance  data  per  altitude 
band  for  and  are  presented  in  the  tables  21  and  22  respectively.  Each 

"record"  in  the  Fatiguemeter  data  base  contains  the  distance  covered  for  one 
aircraft  and  one  speed/mass/altitude  bracket.  Summation  over  all  aircraft  and 
all  mass  and  speed  brackets  gives  the  total  distance  within  each  altitude 

bracket.  Conversion  of  these  data  "per  Fatiguemeter  Altitude  Bracket"  towards 
the  altitude  bands  maintained  in  the  present  study  were  performed  by  linear 
interpolation.  The  result  is  included  in  table  12.  Exceedance  curves  for 

pertaining  to  four  altitude  bands  have  been  plotted  in  figure  10.  The  "lower 

boundary"  for  valid  U^e  values  is  in  the  order  of  2  m/s,  hence  slightly  lower 

than  for  the  ACMS  data,  but  due  to  the  relatively  very  small  batch  size,  the 
"upper  boundary"  for  valid  values  is  limited  in  the  higher  altitude  bands  to 
about  6  or  7  m/s. 

In  general,  the  exceedance  values  derived  from  the  Fatiguemeter  data  are 

considerably  higher  than  those  pertaining  to  the  ACMS  data.  Figure  11  shows  that 
exceedance  frequencies  for  the  same  are  about  10  times  higher  for  the 

Fatiguemeter  data  than  for  the  ACMS  data. 


4.  DEVELOPMENT  OF  STATISTICAL  GUST  MODELS. 

The  previous  chapter  described  the  reduction  of  the  c.g.  acceleration  data  to 
"gust"  data  for  the  three  different  data  bases.  The  ONERA  data  refer  to  a  very 
large  number  of  flights  and  very  many  kilometers  travelled,  but  that,  because  of 
the  restriction  to  I  An,  | >0.5,  the  derived  gust  data  of  relevance  are  restricted 
to  gust  velocities  in  the  order  of  |u<i^i>7  m/s  or  lUol>8-ll  m/s.  The  ACMS  data 
give  valid  data  for  much  lower  iu^ei  values,  3m/s,  (Uo>5  m/s),  but  due  to  the 
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much  smaller  batch  size,  the  statistical  relevance  of  the  ACMS  data  is 
restricted  to  values  below  10  m/s  (U„<  13  m/s)  . 


The  main  objective  of  the  present  study  is  to  combine  the  data  of  the  different 
data  sets  into  one  unified  "Discrete  Gust  Statistical  Model"  and  to  redetermine 
P P2  and  b.,b,  values  related  to  the  PSD-gust  model.  The  procedure  followed  in 
the  present  study  for  merging  the  respective  data  sets  will  be  generally 
described  for  the  case  of  the  statistics . 

For  each  altitude  band,  the  exeedance  data  on  a  "per  Icilometer"  basis 
pertaining  to  the  three  data  bases  are  plotted  in  one  figure.  A  typical  exanple, 
relating  to  the  altitude  band  from  34,500  to  39,500  feet,  is  shown  in  figure  12. 
The  first  observation  to  be  made  from  these  plots  was  that  for  all  altitudes 
except  the  very  lowest  altitude  bands  the  exceedance  frequencies  for  the 
Fatiguemeter  data  were  nearly  an  order  higher  than  the  figures  from  the  ONERA 
and  ACMS  data.  This  fact  was  already  documented  in  figure  11  where  exceedance 
frequencies  of  two  gust  velocities  pertaining  to  the  ACMS  data  and  the 
Fatiguemeter  data  respectively  are  plotted.  A  probable  cause  for  this  difference 
is  the  fact  that  the  Fatiguemeter  data  come  from  considerably  different  aircraft 
operated  in  a  Different  era  when  weather  predictions  and  thus  the  means  to  avoid 
turbulence  were  considerably  less  effective.  Since  we  are  primarily  interested 
in  gust  statistics  that  are  relevant  for  current  and  future  operations,  and 
considering  that  the  Fatiguemeter  database  is  relatively  small  and  has  limited 
accuracy,  it  was  decided  not  to  include  the  Fatiguemeter  data  in  the  "combined" 
data  set,  except  for  the  lowest  altitude  band.  Returning  to  figure  12,  one  may 
observe  that  the  curves  pertaining  to  the  ONERA  and  ACMS  data  can  be  fitted 
relatively  easily  into  one  smooth  curve  for  both  the  upward  and  downward  gusts. 
This  was  the  case  for  most  altitude  bands  except  for  a  few  cases  like  the  one 
shown  in  figure  13  where,  although  the  slope  of  the  ACMS  data  and  ONERA  data 
were  in  good  accordance,  the  curves  did  not  line  up.  For  the  ONERA  data  the 
number  of  kilometers  in  each  altitude  band  were  derived  on  the  basis  of 
estimated  mission  profiles;  hence,  these  figures  may  be  somewhat  inaccurate.  On 
the  basis  of  this  consideration  it  was  decided  to  obtain  a  smooth  curve  by  a 
small  shift  of  the  ONERA  curve  towards  the  right.  This  means  that  it  is  assumed 
that  the  actual  number  of  kilometers  flown  in  the  considered  altitude  band  is 
less  than  originally  estimated.  For  the  lowest  altitude  band,  the  ONERA  data 
appears  improbably  low  and  rather  inconclusive,  see  figure  14.  The  reason  for 
this  apparent  lack  of  representativeness  could  not  be  traced  back  but  may  have 
been  related  to  some  unknown  restriction  on  data  recording,  e.g.,  in  flap-out 
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conditions.  To  maintain  a  certain  amount  of  conservatism,  it  was  decided  to 
generate  the  "combined"  data  set  for  the  lowest  altitude  band  from  a 
combination  of  the  ACMS  data  and  the  Fatiguemeter  data.  From  the  smoothed 
"combined"  exceedance  curves  for  both  upward  and  downward  gusts,  "onesided" 
exceedance  curves  were  derived  by  taking  the  geometric  mean  of  the  exceedance 
frequencies  of  the  positive  and  negative  gust  velocities: 


The  resulting  curves  are  plotted  in  the  figures  15a  and  15b  and  are  presented  in 
tabular  form  on  table  23.  The  same  procedure  as  described  above  with  regard  to 
was  used  to  obtain  "combined"  and  onesided  exceedance  curves  for  Uo.  The  lU,,! 
curves  obtained  were  used  to  estimate  Pi,P2  ^nd  bi,b2  values  to  be  applied  in  the 
PSD-gust  model.  The  method  used  is  illustrated  in  figure  16  and  may  be  described 
as  finding  the  "best  fit"  approximation  of  the  |Uol  curve  by  the  sum  of  two 
straight  lines  in  a  semi-logarithmic  grid.  The  resulting  figures  have  been 
presented  in  tabular  form  on  table  24.  Note  that  Pj  and  bj  values  could  not  be 
determined  for  the  lowest  altitude  band  (below  1,500  ft)  and  the  highest 
altitude  band  (above  39,500  ft).  Note:  The  parameter  values  Pj,  Pj  and  bi,b2 

define  an  exceedance  curve  of  the  form: 


N(Ug)  =  N(0)  +  Pj  *  e 


(4.1) 


Figure  17  shows,  as  an  example,  for  the  altitude  band  between  24,500  and  29,500 
feet,  the  "original"  combined  U^exceedance  curve  and  the  "fitted"  curve  according 
to  the  above  expression,  illustrating  the  "goodness  of  fit"  obtained.  Uq  curves 
calculated  from  equation  4.1  for  the  various  altitude  bands  are  presented  in 
figures  18  and  19.  The  associated  Ug  exceedance  values  are  presented  in  table  25. 
Note  that  the  lU^I  statistics  presented  refer  to  a  reference  N(0)  value  equal  to 


N<0)„f  =  No(0)„£  X 


and  No  ( 0 )  =  8  km  . 


5.  DISCUSSION. 


In  this  report,  an  attempt  has  been  made  to  establish  improved  exceedance 

data  and  improved  values  for  the  PSD  related  parameters  Pi,P:  and  bi,b2  on  the 
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basis  of  VGH  type  data  available  from  European  data  sources.  The  in^rovement  in 
comparison  with  existing  descriptions  is  expected  to  be  due  to  (a)  the  size  of 
the  available  data  batch,  (b)  the  quality  and  resolution  of  the  data,  (c)  the 
analysis  techniques  applied  and,  (d)  the  time  period  of  the  data  recordings.  The 
size  of  the  present  data  batch,  1.6  billion  kilometers  and  2  million  flight 
hours,  is  really  impressive  compared  data  availabe  from  other  sources.  For 
example,  according  to  reference  9  the  total  sample  size  of  data  collected  by 
NACA/NASA  between  1947  and  1965  amounted  to  42,  000  hours  VGH  data  and  507,000 
hours  of  VG  data.  The  data  presented  in  the  Engineering  Science  Data  Unit 
(ESDU)  sheets,  reference  10,  are  based  on  12  million  kms  in  "cruise"  and  4 
million  kms  in  "climb  and  descent".  At  an  average  air  speed  of  500  km/hour, 
about  32,000  flight  hours  were  collected.  In  1971,  a  relatively  large  data  base 
(including  the  Fatiguemeter  data  covered  in  the  present  study)  of  about  152,000 
flight  hours  were  made  available  through  an  AGARD  effort.  These  data  were  only 
reduced  for  PSD  statistics  and  presented  "per  aircraft"  only,  see  reference  11. 
With  regard  to  the  quality  and  resolution  of  the  present  data,  there  is  no  doubt 
that  both  the  ACMS  data  as  well  as  ONERA  data  were  obtained  with  higher 
resolution  and,  for  various  parameters  like  weight,  with  a  higher  accuracy  than 
other  previous  data  bases  investigated.  With  regard  to  the  analysis  technique 
applied,  it  is  felt  that  specifically  the  reduction  formula  used  for  deriving 
values  IS  an  improvement  compared  to  previous  derivations  whereby  an  A  value  was 
calculated  assuming  heave  response  freedom  only.  See  reference  12.  Finally,  note 
that  the  present  data  largely  refer  to  relatively  recent  operations  with  many 
aircraft  models  still  in  service.  It  has  been  observed  already  that  because  of 
less  effective  turbulence  avoidance  possibilities,  older  data  tend  to  reflect  a 
more  severe  turbulence  environment  than  more  recently  collected  aircraft 
operation  data. 

It  is  interesting  to  compare  the  presently  derived  gust  statistics  with  older 
descriptions.  Figure  20  compares  exceedance  frequencies  of  specific  gust 

velocities  as  a  function  of  altitude  from  NACA  TN4332,  reference  12,  resulting 
from  the  present  analysis.  For  the  lowest  altitude  band  the  current  results  are 
more  severe,  especially  for  higher  gust  velocities.  The  difference  gets  rapidly 
smaller  with  increasing  altitude  and  at  higher  altitude  the  present  data  have  a 
considerably  lower  exceedance  frequency.  Figures  21  and  22  show  a  comparison  of 
P-values  and  b-values  for  the  PSD  model  as  derived  in  the  present  study  and  as 
described  in  the  Airworthiness  Requirements  FAR25  and  Appendix  G  (also: 
ACJ25.305)  respectively.  (For  convenience,  b-values  presented  in  figure  22  are 
given  as  "TAS"values . )  It  is  noted  that  the  presently  derived  P-values  are 
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generally  lower  for  all  altitudes.  For  altitudes  above  10, OOC  feet,  the  "non¬ 
storm"  component  P  is  about  ten  times  lower  and  the  "storm"  component  P  from 
two  to  six  times  lower.  The  intensity  parameter  for  "non-storm"  conditions,  b., 
on  the  other  hand,  is  approximately  1.5  times  larger,  while  b,  is  about  10 
percent  lower  than  given  in  FAR25.  In  summary,  the  present  data  indicate  that 
light  turbulence  is  encountered  considerably  less  frequently  but  that  the 
intensity  of  such  turbulence  tends  to  be  somewhat  higher.  Severe  turbulence  is 
encountered  less  frequently,  and  has  a  lower  intensity  than  according  to  FAR25. 

Despite  the  large  size  of  the  present  data  set,  it  should  be  noted  that  the 
information  obtained  has  its  limitations.  For  example,  data  for  altitudes  above 
39,500  feet  are  scarce  and  probably  unreliable.  It  should  be  realized  that  the 
data  for  these  high  altitude  are  severely  biased;  for  most  aircraft  40,000  feet 
is  close  to  their  ceiling,  especially  in  heavy  aircraft  configuration.  To  avoid 
stall  problems,  aircraft  flying  very  high  reduce  altitude  when  turbulence  is 
expected,  and  hence  recordings  show  little  turbulence  at  these  high  altitudes. 
Also,  data  for  the  lowest  altitude  range  in  the  present  data  set  may  contain  a 
considerable  amount  of  low  altitude  manoeuvres  which  could  not  be  identified 
and  removed  prior  to  the  gust  analysis. 

Finally,  it  must  be  realized  that  the  method  followed  to  derive  the  PSD-gust 
intensity  parameters  Pi/Pj  and  bi,b2  from  the  exceedance  curves  is  an  indirect 
procedure  and,  although  generally  applied  in  the  past,  theoretically  not  fully 
correct . 

As  part  of  the  FAA  Aging  Aircraft  Research  Program,  an  extensive  Flight  Load 
data  acquisition  program  is  being  developed,  whereby  in  a  number  of  US  civil 
transport  aircraft  will  be  instrumented  and  a  large  number  of  flight  load 
parameters  will  be  continuously  recorded.  These  recordings  will  present  a 
considerable  amount  of  statistical  data  on  aspects  like  control  surface  usage 
and  loading  but  equally  important  will  offer  the  opportunity  to  extend  our  data 
base  on  gust  experience  at  a  very  fast  rate.  In  particular,  the  load  experience 
at  low  altitude  can  be  determined  with  considerably  more  accuracy  than  in  our 
present  study  because  from  the  continuous  loads  records  due  to  gusts  and  due  to 
(banking)  manoeuvres  can  be  separated.  In  addition,  the  continuous  data  offers 
the  opportunity  to  determine  the  intensity  parameters  of  the  PSD-gust  model  in  a 
more  direct  way.  The  procedure  to  be  followed  for  this  purpose  can  be  described 
as  follows:  (a)  From  the  continuous  airplane  parameter  time  history  record, 
calculate  the  "instantaneous"  RMS  value  for  An^,  a(AnJ  record,  (b)  Calculate  the 
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instantaneous  value  of  A.  (c)  Calculate  the  instantaneous  value  of  a(w)  as  a(w)= 
o(AnJ/A.  (d)  Determine  values  for  P  ,  1?  ^nd  b,l?  that  give  "best  fit"  to  the 
empirical  a(w)  probability  function  tabulated  from  instantaneous  a(w)  values. 


6.  SUMMARY  AND  CONCLUSIONS. 

1.  Available  European  data  sources  on  center  of  gravity  acceleration  experience 
in  commercial  aircraft  have  been  analysed  and  combined  into  one  data  base. 

2.  This  data  base  includes  about  870,000  flights,  2  million  flight  hours,  and 

1.6  billion  kilometers  flown. 

3.  Acceleration  peak  data  were  reduced  towards  discrete  gust  velocities  Uje  and 
PSD  related  gust  velocities  (U,,)  . 

4.  PSD-gust  velocity  exceedance  data  were  further  reduced  to  yield  PSD-gust 
intensity  parameter  values  {P,,P2,  b,,b2). 

5.  The  results  obtained  show  a  considerably  lower  gust  experience  at  higher 
altitude  than  predicted  by  currently  used  statistical  models.  At  low 
altitudes,  current  data  tend  to  confirm  the  older  statistical  data. 

6.  Data  about  gust  experience  at  low  altitude  (below  2,000  feet)  are  still 

incomplete  and  biased  by  manoeuvre  induced  accelerations. 

7.  The  planned  FAA  flight  load  measurements  for  US  commercial  transport 

aircraft  will  provide  additional  and  missing  information  and  offer  the 

opportunity  to  get  better  information  on  PSD-gust  intensity  distributions. 

7.  REFERENCES. 

1.  Jonge,  J.B.  de.  Reduction  of  An^  Acceleration  Data  to  Gust  Statistics. 

NLR  CR  92003  L,  1992. 

2.  Coupry,  Gabriel,  Improved  Reduction  of  Gust  Loads  Data  for  Gust  Intensity. 
In:  AGARDograph  317:  Manual  on  the  Flight  of  Flexible  Aircraft  in  Tubulence, 
1991,  ISBN  92-835-0617-0. 


16 


3. 


Hutin,  P.M.,  Recorded  Acceleration  Peak  Data.  ONERA  Rapport  Technique  no. 
7/3567  RY  Oil  R.  January  1992. 

4.  Jonge,  J.B.  de;  Spiekhout,  D.J,  Use  of  AIDS  Recorded  Data  for  Assessing 

Service  Load  Experience.  In;  Service  Fatigue  Loads  Monitoring,  Simulation 
and  Analysis,  ASTM  SP  671,  1979. 

5.  Kaynes,  I.W.,  A  Summary  of  the  Analysis  of  Gust  Loads  Recorded  by  Counting 
Accelerometers  on  Seventeen  Types  of  Aircraft.  AGARD  Report  no.  605. 

6.  Jonge  J.B.  de;  D.  Schuetz;  H.Lowak;  J.Schijve,  A  Standardized  Load  Sequence 
for  Flight  Simulation  Tests  on  Transport  Aircraft  Wing  Structures.  LBF- 
Bericht  FB  73-106,  NLR  Report  TR  73029  U,  1973. 

7.  Coupry  G.,  Analyse  Statistique  de  la  Turbulence  Atmospherique .  ONERA  Rapport 
Technique  no.  4/3567  RY  050  R,  Fevrier  1986. 

8.  Jonge,  J.B.  de;  Wekken,  A.J.P.  van  der,  Noback,  R.,  Acquisition  of  Gust 
Statistics  from  AIDS-Recorded  Data.  In  AGARD  Report  No.  734,  1987. 

9.  Coleman  T.L.,  Trends  in  Repeated  Loads  on  Transport  Airplanes.  NASA  TN  D- 
4586,  may  1968. 

10.  Anon.,  Average  Gust  Frequencies  Subsonic  Transport  Aircraft  ESDU  Data  Sheet 
69023,  Engineering  Science  Data  Unit,  March  1989. 

11.  Peckham  C.G.,  A  Summary  of  Atmospheric  Turbulence  Recorded  by  NATO  Aircraft. 

12.  Press,  H.;  Steiner,  R.,  An  Approach  to  the  Problem  of  Estimating  Severe  and 
Repeated  Gust  Loads  for  Missile  Operations.  NACA  TN  4332,  September  1958. 


17 


TABLE  1.  OVERVIEW  OF  ONERA  FLIGHT  LOAD  DATA 


mm 

1  .  3 rn ^ 

Flight 

hours 

Period  of 
recording 

( 1 ) 

Mean  flight 
duration 

t2) 

Total  of 
pos .  peaks 

wmam 

4760 

1980-1902 

TrLd*..‘t.*  2 

23297 

1980-1985 

Triaen’  J 

1  0  "  0 1 2 

88656 

1980-1986 

Ail  T:  iderit 

1 3  >h92 

1 1 67 1 3 

1980-1986 

0 . 95 

162 

150 

Bac  1-11 

: 32495 

10250C 

1980-1986 

0.77 

1172 

802 

Tristar  1 

21790 

37844 

1980-1905 

Tristar  100 

aic2 

25612 

1980-1964 

Tristar  200 

66865 

1900-1985 

Tristar  50C 

26335 

47583 

1900-1985 

All  Tristar 

76869 

177904 

1980-1985 

2.31 

665 

565 

106849 

522439 

1980-1990 

B-747-236 

80007 

466449 

1980-1990 

Ali  B-747 

186856 

1010666 

1980-1990 

5.41 

1431 

1315 

B-737 

274511 

326591 

1980-1908 

1 .19 

1518 

1483 

B-757  ;  1  ) 

4819 

i^354 

1901-1985 

B-757 [2} 

25395 

36598 

1903-1905 

Ail  8-75‘? 

30214 

46952 

1901-1985 

1.55 

654 

665 

938657 

lilllHSHmi 

1980-1990 

2.12 

5602 

4980 

Notes:  Flight  hours  and  flight  duration 
refer  to  the  block  time, 
yalid  peaks/troughs  with  iAnj|=>0.5 
in  data  base. 


18 


TABLE  2.  FORMAT  OF  PEAKA/ALLEY  INFORMATION  IN  ONERA  DATA  BASE 
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ONERA  DATA  BASE— OVERVIEW  OF  ACCELERATION  PEAK  DATA  |AnJ  >0. 


(P  « 


•H  ^ 

r4 


G  9>  Os  <H 

^  r«4  o  O  O 
fn  ^  O 

fH  rM 


tn 


O  00000000000000000«>4f-t  ^u'l^OOOOOOOOOOOOOOOOO 

o 
A  »/> 

Os 


o  o 
o  o 

in  in 
^  O' 
n  n 


oooooo«Hr-«f-^^iA^4Nfnco4ntnr«r4 

•H  <N  <n 


toin’<ff^tno«N<Na'^nrHoooooooo 

r>  •H 


« 


OO  00000000r-«rvr^«-4<7vvmor-4mr» 

oo  r^rtfnmr^r^ooN 

in  in  »-<  o  ^ 

Os  ^ 

<N  /n 


r>4inr^in<D<^inoii6^<Nr4r-ir4«HrHOooo 
V  lo  in  CD  in  ^  fH 

^  r>4 


t 


oo  oooooo*-»r-i*-i<nr*n'dino^cDmf-* 
oo  «>4w<Nv«^9ino\ 

in  in  f-4  <N 

Os 

rn  <N 


^oioor^r^r^mr^oiinrHr^oooooooo 

f-ivo^r^inmiNrH 

^  r>4  rH 


o  o 
o  o 
in  in 
os  ^ 
«H  n4 


«-«rH<N<N^<nrn^iD^Oiin90inO<Nr^iD 
f-tr^r^fn^iOOisOsOOD 
r-t  <N  m 


f-*<7in4iOV<N*Hr-*rH 
fn  #-•  f-i 


o  o 
o  o 
in  «n 

^  Os 


OOOOOOw<N<Ninr-r^**a**y*>l^*~'<^^ 

r4f-4rMinCDlDiO(N 

fH  CM 


inp^i^r-i^njvininrornf^t^iHOOOooo 
inniiNi^^r^rNfH 
m  <N 


o  o 
o  o 
in  in 
os  •» 


OOOOOOOr^^'VO9ia0^9iOOrMU> 
•-(r^«nioooor^<NrN 
f-l  o  lO  Oi 


«-<Oii/>9iOr*)^rn^CDin^«-4«-««HfHrHOOO 

in®vr»r»<®voi«-i 

oi  in  m  *-«  M 


V5 

3 

X3  0 

£ 

—  rsj 


B  — 
X  — 


—  (Vj 


O  O 
o  o 
m  in 
Os 


ooooo«Hr-i<Nino^«N^^r^rMr-iino 
l-•€nm«-<Ol<Nf^lnp«• 
f-«  r-»  O  VO  iH  f- 


inin'oo^^®ov^r'ri«^oooooooo 

r^inair-i^»on»-< 
m  oi  V  n#  !-• 


Cx3 

S 

E- 


n 

O 


u 

O 

£ 


■Ji  3 
U  TJ 

0  *-» 
jZ  £ 


O' 


3*  '*-• 


C 


o  o 
o  o 

(y  in  in 

np  rS  ^ 

D 


— «  o 

•<  V  o 
in 


0000000000<n0ii0r-«r7®0«0(n 
•H  rn  r*  r«4  o\  Oi  <^ 

f-»  V  r* 


0000000000000<N^®®(Sr**- 

<N  n 


r-«rvio®ioomo®m^(*^mm<Nr4r4«HM<H 

inOi0V09r^«-4r-i 

in  m  •-• 


oommrHooooooooooooooo 

in  fM  <H 


c  c  r 

fc~  5-  H 


A 


C 

<3 


ininoinoiiomoinomoinoinoino 

inmnrMmtHrH0009i®®r*^r»®®inin 


•-4<Hf-4rH«HfH(H<H<^0000000000 


oinomovnoinoinoinoinoinoinoin 

ininio®r>^r*>®ooioioOf-4<-<<Nmmr«>io® 


OOOOOOOOOOf~ffHr^rHf*4r^«-4t>4fHr>4 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


20 


TABLE  5.  OVERVIEW  OF  FLIGHTS  CONTAINED  IN  ACMS  DATA  BASE 
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TABLE  6.  ACMS  DATA  BASE--TIME  AND  DISTANCES  WITHIN  EACH  ALTITUDE  BAND 


AiticuOe  (ft) 

Distance  (km,* 

Time  Ihrs) 

<  1500 

366048 

1228.2 

1500  -  4500 

972361 

2582.0 

4500  -  9500 

1615754 

3222.0 

9500  -  14500 

1760326 

2756.0 

14500  -  19500 

1747858 

2391.5 

19500  -24600 

2294179 

2848.9 

24500  -  29500 

6340970 

7178.9 

29500  -  34500 

37730084 

41663.4 

34500  -  39500 

51915800 

57626.9 

>  39500 

353491 

395.6 

all  altitudes 

105096877 

121893.4 
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TABLE  7.  ACMS  DATA  BASE — OVERVIEW  OF  ACCELERATION  PEAK  DATA 
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•ABLE  8.  FATIG'JEMETER  DATA  BASE— OVERVIEW  OF  DISTANCES  AND  FLIGHT  HOUR 


a/c  type 

Distance  (km) 

Time  ( h  r  s ) 

Ambassador 

96n8.0 

892.58 

B-’707 

526528.9 

2231 . 34 

Bristol 

102294.3 

1345.59 

Brittania 

196138.2 

1229 . 84 

Comet  1 

329505.3 

1809 .19 

Comet  4 

259845.3 

1184 . 56 

Hermes  4 

269898.3 

2162.35 

Hermes  4A 

288230.9 

2439.19 

Stratocruiser 

4i2900.5 

3398.35 

Constel lation 

488406.2 

3965.94 

Viking 

124310.9 

1324.29 

Viscount 


510443.3 


3384  .-72 


TABLE  9.  FATIGUEMETER  DATA  BASE— EXAMPLE  OF  HEADER  FILE 


AIRCRAFT  TYPE 

BOEING  707 

COUNTRY  OF  ORIGIN  GREAT  BRITAIN 

TOTAL  TIME 

2,231  HOURS 

TOTAL  DISTANCE 

975,100  NAUTICAL  MILES 

GEOGRAPHY 

EUROPE,  AFRICA,  TRANSATLANTIC, 

AUSTRALASIA, 

MIDDLE-  AND 

FAR-EAST 

DATE  OF  COLLECTION  1964-1965 

INSTRUMENTATION 

R.A.E.  RECORDER 

COUNTING  METHOD 

PRIMARY  AND 

SECONDARY 

PEAKS 

SYSTEM  OF  UNITS 

FOOT- POUND- 

SECOND 

ABARS 

ONE-DEGREE-' 

OF- FREEDOM 

RANGE  OF  VALUES 

ACCELERATION  AIRSPEED  ALTITUDE 

WEIGHT 

FUEL 

(G) 

(KEAS) 

(FT) 

(LB) 

(LB) 

1 

LESS 

0 

132250 

N.A. 

2 

LESS 

160 

2000 

154300 

3 

-0.6  TO  -0.4 

180 

4000 

176350 

4 

-0.4  TO  -0.2 

200 

6000 

198400 

5 

-0.2  TO  0.0 

220 

8000 

220450 

6 

0.0  TO  0.2 

240 

10000 

242500 

7 

0.2  TO  0.4 

260 

14000 

264550 

8 

0.4  TO  0.6 

280 

18000 

286600 

9 

0.6  TO  0.7 

300 

22000 

308650 

10 

0.7  TO  0.8 

320 

30000 

11 

1.2  TO  1.3 

340 

38000 

12 

1.3  TO  1.4 

13 

1.4  TO  1.6 

14 

1.6  TO  1.8 

15 

1.8  TO  2.0 

16 

2.0  TO  2.2 

17 

2.2  TO  2.4 

18 

2.4  TO  2.6 

19 

MORE 

FLIGHT  CONDITIONS  1.  INITIAL  ASCENT 

2.  FINAL  DESCENT 

4.  OTHER  ASCENT 

5.  CRUISE 

6.  OTHER  DESCENT 
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TABLE  1?.  FATTuUEMETER  DATA  BASE- -CONVERSION  OF  LEVEL  CROSSINGS  TO  PEAKS/ VALLEYS 


MECHANICAL 

INSTRUMENTS 

ELECTRICAL 

INSTRUMENTS  fi 

Cross  level* 

Equivalent  peak 

Cross  level* 

Equivalent  peak 

An 

{ An+dAnj 

An 

(fin+dAn) 

0.23 

0.21 

0.20 

0.24 

0.33 

0.31 

0.30 

0.34 

0.43 

0.47 

0.40 

0.466 

0.52 

0.56 

0.60 

0.666 

0.62 

0.66 

0.80 

0.866 

0.12 

0.16 

1 . 00 

1.066 

0.82 

0.86 

1.20 

1  .  266 

0.92 

0.96 

1 .40 

1.466 

1 . 02 

1.10 

1 .60 

1.68 

Example:  (Electrical  instruments) 

n,  crossings  of  level  n,  -  1.40 
n,.!  crossings  of  level  n,  =  1.60 

,  conversion  to  (n,-nj,,)  peaks  at  n,  =  1.466 

Hi  crossings  of  level  n,  =  O.TC 
n,.,  crossings  of  level  n,  =  0.6C 

,  conversion  to  (ni,-n„,)  valleys  at  n,  =  0.66 
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TABLE  11.  FATIGUEMETER  DATA  BASE— OVERVIEW  OF  ACCELERATION  PEAK  DATA 
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oo  oo<HfH^<9soa)soovr«moom«-4 

OO  r>4r>4r^r40s00so 

lA  «-4  «-4  «  so  rs 

C\  r>4 

<N  <N 


r^VOsnhAr^sOtO^(n^^A4«Hf-«f-tf-4 

OvOs^O<^r4r^ 

O  (O  O  p-«  «-l 
(H 


o  o 
o  o 

iA  iA 

O'  ^ 

<N 


Of-<r-«<MiAr*m^t>«Osr>OsrNrs«9s 
rH<nsA<nsOf^^r*»^ 
«H  4N  ^  00  sO  tp 


A«sor^r40^0s*^^sP«OA<rM«-4f-4o 

/0r^f^O40O^r>«~« 

1^  lAf^  ^  <N  fH 


o  o 
o  o 
(A  u> 


O  O  O  «H  < 


lr)^O^ao<N<NOO^sO 

«H<siin€A^soao«Ar»n 

4N  fQF  O  <A  <-4  4N 


^A»fHaOiH\OC7SfHA«VOlArA4NOO 

«/>U^vOsOsO<7s<OU*>r«rHr-« 

«  rn  f**  4r  fH 
so  r4  fH 


O  O 

o  o 

sn  sn 
os  ^ 


<H4-HSOSOr>lrH^OrHrH«Hr^r«rHsO 
fH<NA>r*.oi/><Nf-mso®o 
fHr40s«Hr*>(A^® 
fH  <n  ^  rn  r- 


®os®®r4rH9®9s®r»>®mfHOo 

®0®®®®r«9sii>rHfH 
sA  sA  »n  ®  ®  ®  n 
^  O  CM 


a\  (T) 

^  V  iT) 

O  .-•  rn 
-*  J^  . 
CS4  <N* 


o  o 
o  o 

lA  lA 

^  Os 


sAsA®oso>os^os®r*»®sA^®r^ 
fHfH«Tr>ir>r*»®iHrHso^® 
fHfH^r««*fH<s|fs.r<OS 
fH  CH  r*>  ®  ®  4^ 


iAOO<HOiArs«r^CAf*1®®rHf-4^0 

A««>|®0®>HOS®®rH 
O  O  Os  o  «n  ^  At 
OS  rsf  «A  «A  fH  fH 
Ai  CH 


o* 


4) 

m 

Z  3 

3  U 


o  o 
o  o 

lA  iA 


C 

0  ^  x: 

w  -* 

15- 

3  —  C 

C  ««  «; 

I- 

iq  H 

w  O 
0  O  £ 
t-  H  H 


c 

< 


o 

V  o 

(A 


4rHPsAso®Os®00®OsmsO*9AI 
f^rH<NiA*9®O<*>®®®0sO 
fHfHlA^®®«n®OS 
Al  <N  Os  «H  fH  o 
fH  ^  *A 


r^r<.Aiosos®^®r^os«or>^fH«A 
•H<NrH®®®sOsAOsA«sAr^® 
fHrH^r^fnr*<K^fH 
Af  <N  ®  ®  <A  r» 
Al  fn 


<N0Airsi0AIA40Air>0A10fA0 

OOOs®®f^®®sA^Hp#nfArHfH 


f^tHOOOOOOOOOOOOO 


r*A#^fHr>0®iAr>#r*^^OOOo 

fHsA«nAi®004r^fH 

^  r-  HP  ®  o  Os  ro 
O  AlsA  ^  fH 
A» 


rofHAi^m^miAiAOsiSAifHOOo 

OsOsArifHiAfAfsiA* 

®  ®  fH  o  r*  ®  fH 

•A  A>  fn 


Or>OAiOmrHorMAiOAHrHOA«o 

A«rH(nfn«viA®®r«®®^oOAi 


I  I???????  •?*??  I  t  • 
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TABLE  .  TIBT.ANCEB  FLOWM  i'lBFERENT  ALTITUDE  BANDS  FOR  THE  THREE  LATA  BASES 


■■Bl 

L'istar.ce  (k-rt) 
ACMS  data 

% 

Distance  ;km:' 
Fatiquemeter  data 

% 

V  1500 

1  . 1"»e*a7 

0.9 

3.66e*05 

0.3 

6 . 1 2e»  04 

1  .  7 

i5o:  -  -iso: 

mmmm 

J .  0 

9.72e*05 

0.9 

1  . 34e»  05 

3.~ 

4500  -  95CC 

■; .  95e  +  C7 

3.0 

1 . 62e+06 

i  .5 

4 .22e-»05 

11.7 

95C0  -  14^00 

•i.98e-0*’ 

3.9 

1 .76e*06 

1.7 

8 . 37e+05 

23.2 

14500  -  19500 

4.79e*07 

3.7 

1 ,75e*06 

1  .7 

6.636*05 

16.4 

19500  -  245C0 

c . 04e+  07 

4.7 

2.29©^06 

wm 

4.11e*05 

11.4 

2450C  -  295CC 

1 .0ee*08 

3.4 

6.34e+06 

6.0 

2.0:e*05 

5.6 

29500  -  34500 

4.61e*08 

■n 

3.77e*07 

35.9 

12.9 

34500  -  39500 

4 . 46e+0a 

34.5 

5.19e+07 

49.4 

3.91e*05 

10.9 

>  39500 

1 . 91e*07 

1.5 

3.53e+05 

0.3 

1 .51e*04 

0.4 

ail  altitudes 

1 .29e*09 

100.0 

1 .05©*oe 

100.0 

3.60e*06 

100.0 
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TArtl.t:  13.  F.XCKKDANCE  FREQUENCItS  Ol-'  Aii,-U.3  AND  An,  U.6  EOK  VARIOUS  AIRCRAFT 
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TABLE 


14.  GEOMETRIC  CATA--ONERA,  ACMS,  AND  FATIGUEMETER  DATA  BASES 


ONERA  Data  Base 


d/c  type 

s 

c 

MTOW 

m/  S 

[rr3j 

!  m) 

( kq] 

[  kq/  1 

Trident  1 

126.16 

4.61 

52163 

413 

Trident  2 

135.13 

4.54 

64634 

476 

Trident  3 

138.70 

4 . 64 

64  634 

466 

BAC  1.11 

95.78 

3.36 

44678 

466 

Tristar 

320.00 

6.76 

224982 

703 

Tristar  500 

329.00 

6.57 

224982 

684 

511 . 00 

8.57 

377840 

739 

B-TBt 

105.40 

3.65 

62822 

596 

195.25 

4.87 

104325 

534 

ACMS  Data  Base 


a/c  type 

S 

C 

MTOW 

m/s 

(m“] 

(mj 

[kql 

Ikg/mM 

B-747 

528.20 

8.57 

378000 

716 
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!•;.  geometr:  :  data--onera,  acms,  and  eatiguemeter  data  bases  (contiunec.; 


Fatiguemeter  Data  base 


TABLE  15.  ONERA  DATA  BASE-- U,,., -EXCEEDANCE  DATA 


f-4<>4«««rO^^OVCDr*^CDOOO 
iO(Q  «^<N^rM<-H/nr«^^vov0 

»-<4>4n 


QOoor^'dO'<>r^v^mr*(7'U>rNrH 

a'00»eor«*oo<N*^i^rH 


o 
o 
A  lA 
9^ 


000000000000»-*f-*t-»«-l 


N9>^V0v0s^«i^^OOOOOOOOOOOO 


o  o 
o  o 

in  iA 

^  a\ 


•-imv04Ai/>r^U>P^f^r» 
r-«  <N  m  m  n  m  rn 


aDfloeou*»iAOu^o>or«4r-^^rsjooooo 
m  m  m  rM  »-« 


oo  ooo^u^9'Ooi09'r**r^^r'r^f^ 
oo  <N^OOn»^9'9^0N9N 

9^  ^ 

<N  ri 


r»4r<«Ns^vor^r»r>4r*i/\r“rMr4rH«-«oooo 

^^V/nCDODO'O^*-* 


o  O 
o  o 

»/»  4A 
^  9^ 
<N  <N 


O  O 


•yf*‘lAv9'.9f0^9Xr-«*-^rH 

rHfOOOGOODvD9\9NO\ 

#-•  r>4  m  m  r> 


^^V^<N9'f^9*CDrMCO«»r>JrHi-lOOOO 

rHrlt-iaxaSr-OVr-trH 
V  ^  V  n  l>J  r-< 


o  o 
o  o 

tA  tn 
O'  ^ 

t-»  <N 


<N^9^r^Cl>v9CDCDdD 
fX  m  Cl  m 


cocDr^r^9vv^ou*>vasp^moooooo 

r^rH#HO'rHr^r**^rMrH 

/n  r>  r>  «N  (M  r-< 


oo  OOO<S'«l''J0'9®CDCDO»/>C0rHi-<tH 

OO  »H#nf^VuA^O<N<N<N 

»/>!/» 
o 


U>t/>^tAr^mr^iAC09'Of^'9rri^rHOOO 
u>i/>iA^0DO<^r^r^r-i^ 
m  r)  m  n  fN  r4  rH 


o  o 
o  o 
in  in 

9i  ^ 


ooo^»-«in9io^9'inf-»onmin 

f-i<’'^^09'^^r*»0r>jrs|<N 

f-^«-^fntnr»9'9'9>9i 


rHi-»ooo*-<v9inr-<r^in<oinm«Hoooo 

inintnfs9'i90C)<ni-iinrsir^ 

9\9v9>9>r^inr><NrH 


« 

k4 

D 

r*  00  0 
n  ^ 
so  tn 

00  r-i  Csj 
m  <X>  r~> 

CD 

^  (N 


C 

w  o 
£ 

O'  <TJ 
.-<  u 
'-H  V)  3 

w,  -0 

D 

c  *-» 

O  -C  ^ 
u 

if  n  —t 
L,  cr»-« 
E  — 

3  -H  C 
C  '*-*  *0 

a> 

^  ^  e 

fU  fO 

4> 

O  O  -C 

f-  6-  H 


O  O 
O  O 
m  m 

^  9> 


o  o 
o  o 

«  in  m 
•O  ^ 

D 


O 
V  O 
m 


A 


3 


O  o  ir»  rs 


»-«ncD9*vDv<Nt-*inr*r^r«« 

«Hmvooinr«-r^r*r^ 


•HiHr^9vrs|^^®9s9l’Ti 

ininin^mckvofo*-* 


o»-<^r*Ou'>p»ovf)fsiiHin«-«inmm 

rM«p€Dv0®rsir^m9s9>9>9v 

«Mr^^inr*r»r^r*»r* 


fHrHfHO9>r-O'9r^i-i^9'p^*-»r*'S0^*-<«^ 

ininin^THrsjrgrsimoin^NiHf-i 

ininininin^m<Nr-i 


r>i<N<N^sx>osinr»r^r^r*»r-r***r^r**r^ 

r^iNnrnmnfnnfno 


ooooooor^omosp^mfn^ooo 

ininminminin^m^NrH 


v9in^rn<Nr-#o9»or'S9vnvr>rsio  o<NO’i»invor>'®9io^<Nmvinvor^®«-< 

r4r-<f-lrHr4r'«r-«  llltllllr^iHr-trH«HfH«H«HfHr>4 

I  I  I  I  I  I  I  I  I  I 
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TABLE  16.  ONERA  DATA  BASE--U, -EXCEEDANCE  DATA 


Tota 

1  r.-riier 

cf  fllg 

hrs  :  83S65' 

Tct  a 

1 

hours 

:  1 7 

81:4? 

Tr.e 

Tear.  f  1 1 

3ht  aura 

^  —  ... 

12  hr  _rs 

'-3 

< 

1500 

4500 

9500 

14500 

19500 

24500 

29500 

34500 

> 

«11 

1500 

4500 

9500 

14500 

19500 

24500 

29500 

34500 

39500 

39500 

•  u 

29. 

0.89 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.89 

27. 

0.89 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.89 

2£. 

2.16 

0.00 

0.00 

0.00 

C.OO 

0.00 

0.00 

0.00 

0.00 

0.00 

2.16 

24. 

2.16 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.16 

23. 

2.16 

1.15 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.32 

22. 

3.09 

7.20 

2.30 

0.00 

0.00 

1.08 

0.00 

0.00 

0.00 

0.00 

13.68 

21. 

5.24 

8.96 

3.21 

0.00 

0.00 

1  .oc 

0.83 

0.00 

0.00 

0.00 

19.32 

20. 

7.77 

19.24 

3.21 

0.00 

0.00 

1.08 

0.83 

0.00 

0.00 

0.00 

32.13 

19. 

10.87 

30.72 

9.36 

1.16 

0.00 

1.08 

0.83 

0.00 

0.00 

0.00 

54.03 

18. 

14.40 

63.74 

16.17 

6.40 

4.04 

4.23 

0.83 

0.00 

o.eo 

0.00 

109.81 

17. 

19.87 

85.83 

44.82 

18.54 

5.46 

4.23 

0.83 

0.00 

0.00 

0.00 

179.58 

lo . 

25.81 

137.71 

78.16 

27.03 

6.97 

5.11 

2.45 

0.00 

0.00 

0.00 

283.25 

IS. 

27.51 

208.10 

133.22 

53.46 

9.78 

6.57 

4.13 

3.23 

162 

0.00 

447.61 

14. 

33.16 

277.95 

243.44 

95.53 

21.16 

9.54 

5.93 

8.54 

1.62 

0.00 

696.88 

13. 

35.81 

368.61 

335.42 

161.25 

34.83 

23.91 

7.02 

13.65 

6.51 

0.00 

1017.00 

12. 

35.81 

446.98 

615.84 

254.94 

75.63 

35.35 

12.29 

29.79 

16.36 

0.00 

1522.99 

11. 

35.81 

524.54 

913.00 

405.48 

133.70 

62.71 

25.05 

59.19 

37.06 

0.00 

2196.55 

10. 

35.81 

616.95 

1208.02 

596.04 

211.71 

107.50 

48.32 

111.57 

67.17 

0.00 

3003.10 

9. 

35.81 

712.47 

1534.75 

817.63 

343.69 

178.13 

125.97 

214.20 

128.87 

0.00 

4091.52 

6. 

35.81 

756.46 

1771.07 

995.61 

432.46 

298.45 

255.91 

425.98 

269.77 

0.00 

5241.52 

7. 

35.81 

763.71 

1855.01 

1064.58 

500.02 

382.36 

391.68 

630.49 

445.16 

0.00 

6068.82 

o . 

35.81 

764.47 

1866.69 

1079.79 

518.45 

428.85 

461.21 

730.33 

528.73 

0.92 

6415.27 

S 

35.81 

764.47 

1366.69 

1081.98 

522.48 

437.59 

476.09 

737.27 

540.51 

0.92 

6463.82 

4  . 

35.81 

764.47 

1366.69 

1081.98 

522.48 

437.59 

476.09 

737.27 

542.91 

0.92 

6466.22 

0. 

35.81 

764.47 

1866.69 

1031.98 

522.43 

437.59 

476.09 

737.27 

542.91 

0.92 

6466^22 

0. 

46.10 

545.53 

1640.65 

1097.39 

432.42 

355.45 

496.45 

629.39 

543.40 

1.84 

5795.62 

-4  . 

46.10 

545.53 

1640.65 

1097.39 

432.42 

355.45 

496.45 

629.39 

543.40 

8.84 

5795.62 

-5. 

46.10 

545.53 

1640.65 

1097.39 

431.73 

355.45 

496.45 

629.39 

542.24 

8.84 

5793.77 

-  6 . 

46.10 

545.53 

1638.48 

1095.21 

430.99 

343.34 

479.10 

622.26 

533.01 

8.84 

5743.57 

-7. 

46.10 

544.78 

1628.70 

1080.37 

413.59 

303.88 

400.17 

559.42 

473.94 

7.62 

5458.58 

-8. 

46.10 

537.52 

1583.14 

1007.07 

362.79 

220.47 

267.90 

378.43 

288.24 

6.34 

4698.00 

-9  . 

46.10 

518.05 

1408.55 

832.21 

266.29 

147.33 

151.22 

211.06 

156.44 

0.00 

3737.26 

10. 

46.10 

467.44 

1134.00 

647.68 

191.94 

90.88 

77.18 

105.75 

75.10 

0.00 

2836.07 

11. 

46.10 

408.32 

889.07 

478.07 

123.52 

46.01 

37.30 

49.88 

50.09 

0.00 

2121.37 

12. 

46.10 

350.41 

640.12 

302.27 

75.48 

29.40 

28.72 

17.54 

24.74 

0.00 

1514.79 

13. 

44.38 

291.08 

403.76 

186.62 

46.57 

19.16 

13.73 

11.10 

11.51 

0.00 

1027.91 

14. 

41.97 

236.18 

255.05 

107.28 

29.79 

16.60 

7.06 

2.83 

6.77 

0.00 

703.53 

15. 

41.97 

177.55 

149.39 

59.19 

19.25 

13.90 

3.76 

2.83 

5.02 

0.00 

472.85 

16 . 

37.71 

126.43 

75.16 

39.21 

13.65 

10.41 

3.76 

2.83 

3.38 

0.00 

312.54 

17. 

29.53 

93.08 

46.47 

17.96 

9.18 

6.08 

0.00 

2.83 

0.00 

0.00 

205.13 

18. 

23.51 

63.40 

26.38 

7.81 

5.31 

0.88 

0.00 

0.00 

0.00 

0.00 

127.29 

19. 

15.91 

44.11 

15.17 

5.31 

3.47 

0.88 

0.00 

0.00 

0.00 

0.00 

84.85 

20. 

10.49 

30.24 

6.68 

5.31 

3.47 

0.00 

0.00 

0.00 

0.00 

0.00 

56.19 

21. 

8.41 

19.75 

5.03 

1.95 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

35.13 

22. 

5.76 

15.08 

0.81 

1.95 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

21.60 

23. 

4.92 

13.48 

0.81 

0.89 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

20.10 

24. 

4.92 

9.60 

0.81 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

15.33 

25. 

1.17 

8.58 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.76 

26 . 

1.17 

8.58 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

9.76 

27. 

1.17 

6.22 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

7.40 

28. 

0.00 

4.80 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.80 

29. 

0.00 

3.36 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.16 

30. 

0.00 

2.27 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.27 

31 . 

0.00 

2.27 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.27 

32. 

0.00 

1.48 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.48 

33. 

0.00 

1.48 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.48 

34 


TABLE  r.'.  ONERA  DATA  BASE  — ESTIMATION  OF  FLIGHT  DURATIONS 


A:  rcr.jf  r 

Typr: 

11 : 

;  3  ; 

iUcck  Time 
( hrs ) 

T  a  X : ,  T . j  k  eo  1 1  a  nd 

Roll  Oar 

(nrc) 

Al  rb^;rne 
r I : gh:  T ime 
(  h  r  :-5  ) 

3-747 

5.41 

0.37 

5,04 

B-737 

1.19 

0.26 

0. 93 

3-75"^ 

1.55 

0.27 

I  .  28 

Tristar 

2.31 

0.35 

1 . 96 

Trident 

0.85 

0.25 

0.60 

3AC  1-11 

0.77 

0.21 

0.56 

Legend : 

( 1 )  From  table  1 

(2)  From  reference  ",  table  II 

(3;  =  ll)  -  .2; 


35 


TABLE  18.  ONERA  DATA  BASE-ESTIMATED  MISSION  PROFILES 


mean  flight  profile  B-747 

altitude 

time 

speed 

distance 

[ft] 

[hrs] 

{m/sl 

[km] 

<1500 

0.05 

110 

19.80 

1500-4500 

0.11 

120 

47.52 

4500-9500 

0.13 

158 

73.94 

9500-14500 

0.11 

178 

70.49 

14500-19500 

0.10 

199 

71.64 

19500-24500 

0.12 

222 

95.90 

24500-29500 

0.25 

253 

227.70 

29500-34500 

2.05 

266 

1963.08 

34500-39500 

2.05 

267 

1970.46 

>39500 

0.07 

267 

67.28 

All  altitudes 

5.04 

4607.82 

mean  flight  profile  B-737 

altitude 

time 

speed 

distance 

[ft] 

[hrs] 

[m/s] 

[km] 

<1500 

0.05 

79 

14.22 

1500-4500 

0.10 

124 

44.64 

4500-9500 

0.10 

157 

56.52 

9500-14500 

0.09 

174 

56.38 

14500-19500 

0.08 

193 

55.58 

19500-24500 

0.08 

217 

62.50 

24500-29500 

0.17 

223 

136.48 

29500-34500 

0.17 

226 

138.31 

34500-39500 

0.09 

227 

73.55 

>39500 

0.00 

0.00 

All  altitudes 

0.93 

638.17 

mean  flight  profile  B-757 

altitude 

time 

speed 

distance 

[ft] 

[hns] 

[m/s] 

[km] 

<1500 

0.05 

81 

14.58 

1500-4500 

0.10 

119 

42.84 

4500-9500 

0.10 

154 

55.44 

9500-14500 

0.09 

174 

56.38 

14500-19500 

0.08 

199 

57.31 

19500-24500 

0.09 

214 

69.34 

24500-29500 

0.18 

233 

150.98 

29500-34500 

0.18 

247 

160.06 

34500-39500 

0.37 

250 

333.00 

>39500 

0.04 

255 

36.72 

All  altitudes 

1.28 

976.64 

Blocktime  5.41 


Blocktime  1.19 


Blocktime  1 .55 
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TABLE  18.  ONERA  DATA  BASE-ESTIMATED  MISSION  PROFILES  (CONTINUED.) 


1  mean  flight  profile  TrisI 

ar 

altitude 

time 

speed 

distance 

[ft] 

[hrsl 

[m/s] 

[km] 

<1500 

0.05 

104 

18.72 

1500-4500 

0.10 

134 

48.24 

4500-9500 

0.11 

156 

61.78 

9500-14500 

0.10 

177 

63.72 

14500-19500 

0.08 

201 

57.89 

19500-24500 

0.09 

225 

72.90 

24500-29500 

0.13 

250 

117.00 

29500-34500 

0.62 

262 

584.78 

34500-39500 

0.62 

262 

584.78 

>39500 

0.06 

265 

57.24 

All  altitudes 

1.96 

1667.05 

1  mean  flight  profile  T rident 

altitude 

time 

speed 

distance 

[ft] 

[hrsl 

[m/s] 

[km] 

<1500 

0.05 

0 

0.00 

1500-4500 

0.10 

130 

46.80 

4500-9500 

0.09 

157 

50.87 

9500-14500 

0.09 

179 

58.00 

14500-19500 

0.07 

196 

49.39 

19500-24500 

0.08 

218 

62.78 

24500-29500 

0.08 

238 

68.54 

29500-34500 

0.03 

254 

27.43 

34500-39500 

0.01 

270 

9.72 

>39500 

0.00 

0.00 

All  altitudes 

0.60 

373.54 

1  mean  flight  profile  BAC  1-11 

altitude 

time 

speed 

distance 

[ft] 

[hrsl 

[m/s] 

[km] 

<1500 

0.05 

91 

16.38 

1500-4500 

0.10 

132 

47.52 

4500-9500 

0.09 

157 

50.87 

9500-14500 

0.08 

171 

49.25 

14500-19500 

0.07 

188 

47.38 

19500-24500 

0.09 

208 

67.39 

24500-29500 

0.05 

220 

39.60 

29500-34500 

0.02 

229 

16.49 

34500-39500 

0.01 

231 

8.32 

>39500 

0.00 

0.00 

All  altitudes 

0.56 

342.19 

Blocktime  2.31 


Blocktime  0.85 


Blocktime  0.77 
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TABLE  19.  ACMS  DATA  BASE- -U.„.-EXCEEDANCE  DATA 


o 


^  ^ 

«  a»  ^  <N  ^ 


«-4rvr^cDOM>r-»co^i/i  r»r%mr*oo»,r>i/>NOr^^*^ 


OOOOOOOOOOOOOOOOf*<<>^O«0<Nr4  flDCDt^r^r*<NOOOOOOOOOOOOOOO 

O  O  O  «DCDO«« 

r*  /n  rt  cm  M 


ooooooooooo«-4^» 


ir*04i/»C4r%mrs 

«M  r**  o  f»4  r- 

OD  OD 


CDdDVCPVOODf^*^ 
^  ^  fH 

«0  r«  fM 


«^ooooooooo 


o  o  o  o  o  o  o  • 


rx  r*  CO  to 
rx  rx  to  «o 


*-«t"«oto^.-(«>«r>»o«^ooooooooooo 

r%mfxeo»^fxcDr>»^ 

CD  CD  r«  «  to  rx 


ooooooooooooOio<^rx<^rxoot«rv  r^r^^koeDooD09rx«-*oooooooooo 

«>4r^oo^9CDoo(B  ot^rxCDOr^rx*^ 
rx  CD  rt  to  to  ov  »  to  rx 
rt  V  ^  m  <x 


ooooooooooor^tOotd^iooDtooorxotot  rx(xotor%oDOv^rv^ooooooooooo 

•-<  <n  f^  r*  to -x  fs*  o  o  o  CO  ot  m 
•-^t/tococD  r^rnto^^ 
cx  rx  fx  fx  fx 


0000000«H«-i 


^-^rx«^<^^*•l^<^»*<^0DO'^O'O  ’«r*v*»fxcoaox*^flo« 
«M  o  to  lA  f -H  ^  ot  ot  r->  CD  to  t/>  rx 
•^rxcDcoror^  oorxt/><-4 
fx  rt  r>  m  *n  fx 


tPNM^^OOOOOO 


0000000000«-44 


»r*r*o«^r^oo»r*\o>o  oorxoottor^^^oo^rxoooo 
^^otototor»fxrx  ooiootr^otcor-t^ 

•^fXCOtOOt^*^  OOCDCDtOtO*^ 

rx  to  CD  CD 


o  o  o  o  o  o 


oooooooo^ 


rtrtfXfX^*-^00 


«*-.  o  *j 
o  ^  ^ 
•y 


o  o  • 
o  o  r- 
Q)  to  kn  to 

«a  ^  5F 

3  ? 


^  ^  • 
<<  V  O  00 


4J  ^  O  9*  < 

«  rx  fx  •-^  • 


•^fc/x-tiootootrxrx^^^r^  totor*  •-<r>^oo^^t/i»09*tA 

«^rx^r>9torx9tocDOD  eoootortoorx-^^t^rxiH 

^  m  ro  r»  .-4  ^  to  to  ^  o  o  to  rx 

^  rx  rX  .-^  to  <x 

^  rx  rx  fx  ^  ^  ^ 


<<-4r4^tOtOO^eo4TCDr><-xot9tr>toto  i/>t/>otto*»rxtoor‘torxrxtOr^rxtorxto< 
•^(NtOr^OiOCO-rr-kOOO  ooco^tooot^-^oo^cor^tnr^rxrx*-**-* 
^»»rxO»FO009tot  r-r«r*t/t*-'rt^»^-^ 

«-49rxOtoto*o  tototortto*^ 


tvnr4r*rx^r^o^o»mr»^corxtocooo  totO'Ortotr^»/»torxoDOf«»«-«ioo»o^r^i 
•-»^rx4rr*<*»x‘Ov<x»^otoot/tiot/>  ^9i9tottooo®cor^to^rxcx^^ 
^rxtp^Or^cor-'-H^^  r%r>r*t^r«tr>tnrx<^ 

^#naDor*ooaDCD  ^^•>«fMto<-« 
rx  rx  fx  rx  rx  ^  »x  ^ 


'towt^r^rx«-4oatcDr“tOi/>^r^rx*-»o  o*xfxrt4rtotor*«o9to*-«rx^^^kOtor*co9*o 

t  •  I  I  I  •  I  I  I  »  • 
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TABLE  20.  ACMS  DATA  BASE- -U. -EXCEEDANCE 


;ATA 


To^ai  r.urier  o£ 

Total  fli^r.t  Jiours 
The  :tear.  a-ratio 


24358 

121393.3'' 

5  - vO  ^curs 


Altitude 


< 

1500 

4530 

1500 

14500 

1»S00 

24500 

21500 

34$00 

> 

all 

1500 

4500 

1500 

14500 

11500 

24S00 

29500 

34500 

39$00 

39$00 

alt 

distance 

144041.2 

172147.4 

1415754.0 

1740124.4 

1747057.1 

229417f.9 

o 

37730014.0 

si9:$too.o 

3S3490.7 

195914144  0 

}) 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1  41 

2t 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

1.41 

21 

4. to 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.21 

2i 

4.40 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

4  21 

2S 

4.20 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

7.11 

24 

14.02 

1.17 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oe 

0.09 

17.11 

21 

20.27 

4.01 

0.00 

0.00 

0  00 

0.00 

0.00 

0.00 

0.00 

0.00 

24.19 

22 

21.72 

4.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

27.75 

21 

10. Ot 

7.51 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

17  51 

20 

41.01 

7.51 

0.00 

0.30 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

41.52 

11 

54.51 

7.51 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

44.92 

It 

11.11 

4.14 

1.15 

0.00 

1.75 

0.00 

0 .  vO 

1  51 

0.00 

0 .  w9 

195.21 

11 

110.72 

17.14 

4.42 

0.00 

1.75 

0.00 

0.00 

1.51 

0.00 

0.09 

154  44 

It 

114.10 

21.01 

10.51 

1.74 

1.75 

0.00 

0.00 

1.51 

0.00 

0.09 

221.72 

IS 

240.04 

51.54 

21.47 

4.14 

1.75 

0.00 

0.00 

1.04 

0.00 

0.09 

142.19 

14 

114.41 

12.40 

11.00 

4.47 

5.11 

0.00 

0.00 

1.04 

0.00 

0.09 

514.52 

11 

451.21 

111.41 

41.14 

11.15 

5.11 

l.7i 

0.00 

4.57 

0.00 

0.09 

141.74 

12 

1051. tl 

211.14 

71.54 

17.44 

5.11 

4.12 

0.00 

7.71 

l.SI 

0.00 

1477.11 

11 

1104.71 

551.13 

144.11 

14.11 

11.71 

13.44 

4.14 

14  24 

<.!• 

0.00 

2519.41 

10 

1114.10 

1112.45 

211.24 

42.17 

27.14 

34.01 

1.02 

17.55 

10.7$ 

0.00 

4155.14 

1 

4101.44 

2417.71 

421.50 

121.04 

40.11 

30.04 

12.57 

11.51 

33.19 

0.09 

1449.11 

1 

11410.11 

5111.11 

1431.47 

255.55 

12.44 

51.32 

31.71 

17.14 

€$.37 

0.09 

11421.74 

1 

21117.75 

10715.54 

1125.44 

504.41 

141.54 

00.14 

71.21 

145.44 

131. $4 

0.09 

14122.15 

f 

15114.11 

22041.12 

4114.11 

1127.70 

214.11 

173.07 

154.31 

151.11 

330.4$ 

1.44 

47414.21 

s 

41111. Ot 

40241.45 

14454.41 

2501. 11 

471.41 

340.72 

310.51 

141.74 

173.03 

7.39 

192575.11 

4 

42714.20 

51440.24 

24434.21 

5510.52 

1551.04 

112.4$ 

1011.41 

2715.21 

3€€0.3I 

39.29 

117221.17 

1 

42712.01 

55475.51 

12410.15 

10541.51 

3144.42 

2370.14 

1243.04 

1111.01 

9?€9.74 

147.44 

171212.94 

2 

42711.52 

55711.71 

11101.55 

12414.12 

5157.42 

4442.7$ 

7425.23 

24171.55 

3I$49.73 

433.74 

217494  25 

1 

42711.52 

55711.71 

11110.05 

12414.12 

5140.57 

4474.42 

7512.04 

24451.40 

30747.90 

434.44 

211901.22 

0 

42711.52 

55711.71 

11110.05 

12414.12 

5140.57 

4474.42 

7512.04 

24451.40 

30747.90 

434. $4 

211901.22 

0 

17214.75 

25410.15 

11211.44 

1125.11 

4171.33 

3451.77 

4441.37 

21111.15 

24144.31 

414.34 

114117.51 

•1 

17214.75 

25410.15 

11211.44 

1125.11 

4171.33 

3451.77 

4441.17 

21111.15 

24044.31 

414.34 

114117.51 

-2 

17214.75 

25410.15 

11211.44 

1125.11 

4144.11 

3437.01 

4147.43 

21425.40 

34447.4$ 

494.90 

111415.75 

-1 

17214.75 

25447.11 

11000.14 

7412.10 

2111.01 

1770.23 

2711.74 

1701.41 

70S9.$4 

103.97 

12270.51 

-4 

17225.11 

24414.14 

11111.71 

3510.12 

1031.41 

570.42 

151.71 

2425.41 

3192. 34 

34.43 

44251.91 

-S 

14454.04 

17170.11 

7212.15 

1522.51 

441.41 

101.14 

111.02 

715.10 

734.7$ 

4.41 

45119.11 

-t 

11155.07 

1224.41 

1211.11 

705.31 

114.74 

03.02 

131.17 

331.71 

304.34 

3.91 

24944.24 

-7 

5411.15 

1110.71 

1441.15 

352.34 

12.55 

43.33 

42.11 

147.11 

147.09 

0.00 

11401.41 

-1 

2401.11 

1471.22 

447.57 

111.54 

35.75 

30.30 

12.11 

71.05 

44.04 

0.00 

5172.21 

-1 

1171.21 

711.44 

111.41 

14.34 

25.74 

24.7$ 

11.24 

35.52 

34.70 

0.00 

2504.41 

-10 

447.11 

111.12 

174.47 

44.22 

14.43 

0.14 

4.73 

1.11 

13.$$ 

0.09 

1114.12 

-11 

425.44 

241.00 

102.21 

30.02 

11.34 

4.41 

1.11 

1.40 

9.40 

0.00 

117.94 

-12 

241.01 

111.21 

44.11 

23.51 

1.74 

l.$4 

1.11 

0.00 

3.09 

0.03 

540.17 

-11 

170.44 

151.11 

44.40 

4.31 

4.17 

0.00 

1.50 

0.00 

1.41 

0.03 

115.14 

-14 

107.51 

111  12 

21.74 

3.05 

4.17 

0.00 

0.00 

0.00 

0.00 

0.09 

277.44 

-15 

41.40 

115.14 

21.44 

3.05 

1.74 

0.00 

0.00 

0.00 

0.00 

0.00 

212.11 

-If 

50.11 

102.04 

15.11 

0.00 

1.74 

0.00 

0.00 

0.00 

0.00 

0.00 

170.57 

-17 

11.51 

15.47 

1.21 

0.00 

1.74 

0.00 

0.00 

0.00 

0.00 

0.00 

114.21 

-It 

14.44 

45.51 

7.41 

0.00 

1.74 

0.00 

0.00 

0.00 

0.00 

0.09 

101.51 

-11 

24.17 

47.17 

4.21 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

71.55 

-20 

21.24 

17.21 

4.21 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

44.74 

-21 

11.44 

14.40 

4.12 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 

57.41 

•22 

15.11 

12.15 

4.12 

0.00 

0.00 

0.00 

0.00 

0.00 

0.90 

0.09 

51.15 

-21 

1.14 

10.07 

1.17 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

42.71 

-24 

7.11 

21.42 

1.17 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

12.77 

•25 

4.47 

11.17 

l.ft 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

24.52 

•2f 

4.10 

10.12 

l.ft 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

17.10 

-27 

1.14 

4.  If 

l.tl 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

11.20 

-2t 

1.14 

4.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.09 

1.05 

-21 

1.14 

4.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.05 

-10 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.41 

-12 

1.41 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.41 
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TABLE  21.  FATIGUEMETER  DATA  BASE--U, ^-EXCEEDANCE  DATA 


^  U  CD 

«  <0  o 

NO 

o 

o 

NO 


ocDU>oir*‘ 

^r-i^r*«-^ON<«r>cDCDU>or^9Nr-  r^ONOfn^o 

f-<^«H0N«o®®  r»N0f-4rM(7» 

r4<Nr-vr»U^i/>  OOOU^vH 


O 

o  • 
A  O 
O'  rn 

u> 


OOOOOOOOOOOOOOOmi/NOi/^i/^ 

NO  ®  ® 


O'  O'  O'  ^ 

NO  NO  «  «-! 


O  O  NTt 

o  o  • 

l/N  «/>  NO 
9  O'  •H 


ooooooooooo*-* 


v<*^r4NONOO®® 
fH  ^  O'  r*4  •-«  so  ® 
m  'O  «-* 

fN*  OI 


®  ®  «  n 

ro  NO  r>  O' 

IN  NO  m 

<N  <N 


O  O  <N 

o  o  • 

N/N  1-4 

O'  ^ 

<N  nD 


oooo<>oooooo<*^®'-«or^®N/'®® 

t-^^^ONOsO 

rM  <N  IN  o*  <N  rs* 


O  O 
o  o  • 
in  in  o 

^  O'  NO 

<N  rM  o 


ooooo*-»*-^«^ 


nA  ®  ®  ^ 


V  O'  r**  ®  r-4  *-4 
«>4  NO  O'  O  O 
f-4  fNl  NO  O  ^  <N 
rM  rM 


m  NO  ® 
O  O  O  O'  m 
o  o  O'  N/\  rM 

rM  CM  •M 


CM 

O  O  rM 

o  o  • 

l/N  </»  O' 
O'  ^  o 
rM 


OOOOr-»rMrM^ 


'TrNA«-irM®®N0tH®0'0'0'  rMfMfHsOO' 
•MrM^fMOrnNT'V^^  rtinO'O'r^ 
fHmi^ONr^®®  r-r^uiO'r' 
r4r%r%r>  r^f^r^rM 


^  NT 

r  — 

C  --  . 


o 
o 
4)  in 

•o  ^ 

3 


o  o  ^ 
o  o  • 

Nn  N/>  ® 

^  O'  »/» 
<H  «H  nA 
rM 

NO 

NO 

O  O  m 

o  o  • 
sn  np  *-» 
O'  ^  nP 

*H  o 


® 

O  NO 

o  • 

N/>  *-» 

O'  ^ 
rM 
rM 
rM 


Z  'z  ^  ^ 

r  I  -  < 
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1173  1825  2056  817  456  281  97  42  26  0  6773 

378  721  641  334  213  136  34  13  8  0  2478 

125  207  290  152  79  54  23  5  3  0  938 

39  79  77  52  44  20  4  3  1  0  319 

13  27  39  21  14  8  4  2  0  0  128 


TABLE  22 


FATIGUEMETER  DATA  BASE  —  U„-EXCEEDANCE  DATA 


Total  nunber  of  flights  : 
Total  f lightsr.cors  : 
The  n\ean  fiignt  auratior. : 


10697 
2!.l<t3.  '7 
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>  Altitude 
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0.00 

11 

1  14 

0.10 
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224S1.14 

11401. S4 

24110.40 

2 

224S7.27 

11744.01 
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)0-4  500 
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2  -  9e-04 
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2.00e-0b 

7 . 82e-06 
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5. 33e-05 

1 . 75e-05 
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1 . 29e-04 

4 . 38e-05 

8.20e-03 

1 . 86e-03 

3.87e-04 

1 .20e-04 

2.08e-02 

5.69e-03 

1 .21e-03 

4 . 04e-04 

2.56e-02 

9.64e-03 

3.30e-03 

1 . 46e-03 

2.56e-02 

9.81e-03 
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1 . 94e-03 

2.56e-02 

9.81e-C3 

3.90e-03 
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Altitude  [ft! 
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6. 82e-04 

4 . 17e-04 

3.35e-04 

1.67e-03 

6. 62e-04 

4 . 17e-04 

3 . 35e-04 

1 .67e-03 
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FIGURE  2  ONERA  DATA  BASli:  An^-SPECTRUM  l  OR  13-747,  INCLUDING  An^X)  3 


FIGURE  3.  ACMS  DATA  BASE:  LOAD  FACIOR  SPECTRUM  PER  FLIGHT. 
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FIGURE  5  COMPARISON  OF  l.OAD  FACTOR  SPECTRA  FOR  THREE  DATA  EASES 
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FIGURE  6.  COMPARISON  OF  LOAD  FACTOR  SPECTIM  FOR  B-747. 
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FIGURE  7  ONEIUV  DATA  BASli:  U^-EXCEEDANCl-S  IM'R  KM  FOR  FOUR  AI.TITUDE  BANDS 


40,000 
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FIGU 
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FIGURE  10.  FATlGUl'Ml'TivR  DAIV  MASI';  U^-EXCIU-DANCI-S  PIIR  KM  FOR  FOUR  AI.riTUDE  HANDS 


KIGURli  14  I'XCliHDANCIi  CURVI'S  I’OR  Till';  ALTITUDL;  BAND  0-1500  FT. 


MGURJv  15A.  (Jj,  l-XChhDANCF'.  CIJRVI'.S  I'OR  HHi  FI  VI’’  I.OWI'ST  ALTITUDH  IBANDS 


60 


FiGURp;  i5n  Uj.  i-xcrj-DANci;  curvi:s  for  tiih  fivi;  iiioiikst  altitude  bands 
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1-iGURr;  17  APPROXIMATION  OF  u„  i:xci;i;i)ANcii  corvf;  by  cuRvn  of;f 


hlClJRF,  18.  IJ„  l-XCHl'DANCi;  CURVliS  lOR  I'lV)'  LOWIiST  M,TITUI)I-  BANDS  |N„(o)=8KM'| 


FIGURE  19  U„  EXCI-EDANCE  CURVl-S  FOR  FI  VI-  HIGHl'ST  AI.TITUDF;  BANDS  (N„(o)=8  KM 'I 


40.000 


FlGURl'  20  COMPARISON  OF  Uj,  I'XClillDANCr;  I'lGURlvS  WITH  NACA  TN4332 


curves 


FIGURE  22.  COMPARISON  OF  b- VALUES  WITH  FAR  FIGURI-S. 


APPENDIX  A-SUMMAKY  OF  REDUCTION  PROCEDURES 


REDucnoN  OF  AC : :e ^\7 : on c  :o  >cst  velocit i_es . 

Tne  cias;:i  :  f  leJ  lor*.  ;  ♦>  r  .1  *  .  t.  :  •■akh  and  valley::  An,  .ir«>  red!i-*ea  to  "jnrivt'i  v- J  oc  1 1 1  e.s”  ,  iollowlng 

.1  discrete  appi  ::jc:,  ano  .1  rSD-qust  approacn  resp<?cr.i vei  y: 


DISCRETE  rJST. 


each  single  ior.,  ^c-- 


U 


de 


c 


one  "gust"  U^,  according  tc: 


(A.  1) 


with:  C 


P° 

2  mg/S 


(A. 2) 


.  66  )i 

where  F,^  ,  =  - —  (A.  3) 

'  5.3  *  Ug 


: . 2  FSD-GUST . 


N„(0)ref 

Each  single  An,  is  reduced  to  -  "gusts"  with  magnitude  U,,  according  to 

N„(0) 


A 


with  A 


Po  V,  C 

- 2  •  F{PSD) 

2  mg/S 


11.6 


2L/ 


\  110 


where  F(PSD) 


(A. 6) 


Tr.t  :  i:  j.  •  ;  .  .  :  .  r.  *  r.e  presi-r.”  ara.yii'.r  jrc  r.e  sarr^t  a^:  'r.Cct  ir.a*-  w:..  re  -cr.s  iciereG 

me  aly:-'--  :  ‘  r.*  r..  :r.’.  l^caa  Daia  lo  ce  i^amerea  i  r;  *■  r.e  F.^  F'l-.qr.t  l.iaas  Prcgrarr,.  Nor.e  ’■r.ai. 

^  ‘-‘JO  r,i:'T:£  -i.rterert  frcrr;  'ir.ose  origirdl.y  prop^sea  in  relerer:ce  1. 

A  ;  1 1 1  UG(  Maria.'  :  f  ^  : 

< :  b  0  0 
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